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Abstract: This paper presents the mechanical response of selective laser sintered polyamide-12 light-
weight lattice structures to uni-axial loading conditions. Both aligned and off-axis loading of 
a square lattice structure are tested. Several sizes ranging from a single unit cell to a large 
repetition of this structure are tested and the resulting mechanical response is compared. The 
results indicate that the mechanical response of larger structures cannot be directly extrapo-
lated from the response of a single unit cell as a result of different boundary conditions ap-
plied to the lattice and flaws and imperfections in the printing process. 
 
 
1. Introduction  
Recent developments in the domain of 3D printing and additive manufacturing technology 
have opened the door to concepts such as rapid prototyping, rapid tooling and rapid manufac-
turing. However, rapid tooling and manufacturing applications require the creation of finished 
parts which are can provide the necessary stiffness and strength for the envisaged application. 
A proper knowledge of the material properties of such parts is therefore necessary. 
A significant benefit of the 3D printing technology is the ability to create lightweight struc-
tures by replacing bulk material with lightweight lattice structures. These structures result in 
significant savings on mass and therefore material and cost of the final part. The possible lat-
tice geometries and dimensions are almost limitless thanks to the 3D printing process, and 
entirely dependent on the choice of the designer. However, a lattice structures will obviously 
respond differently to mechanical loading compared to standard bulk materials. In order to 
determine the best suited lattice geometry and orientation, mechanical testing of these struc-
tures is required. This work reports on the mechanical response of several lattice structures 
subject to uni-axial loading (Figure 1). Both aligned and off-axis (rotated 45°) loading is in-
vestigated on samples with strut diameters of 1mm and 2mm. 
 
 
 
  
   
 
Figure 1. A selection of lattice structures tested in this paper 
 2. Test results 
All tests were performed on an Instron 5569 electro-mechanical universal testing machine 
with a 10kN load cell. The tests were performed at a constant displacement speed of 
0.5mm/min. Both the top and bottom surface of the samples were speckled in order to meas-
ure their relative displacement (and thus the global vertical strain of the lattice) using 3D digi-
tal image correlation. A clear distinction could be observed in the deformation pattern of the 
different lattice structure sizes. This is shown in Figure 2, showing the deformation of the 
rotated lattice structure during loading for a unit cell, a medium lattice structure and a large 
lattice structure. The larger structures are built up of repetitions of the single unit cell.  
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Figure 2. Deformation pattern of unit cell (a), medium lattice (b) and large lattice (c) under tensile loading 
 
The larger lattice structures clearly show a modified deformation pattern caused by the differ-
ent boundary conditions of the unit cells in those structures. Therefore, the mechanical re-
sponse of large lattice structures cannot be directly extrapolated from the response of a unit 
cell and the modified boundary conditions need to be taken into account.  
It was also checked whether the maximal load-bearing capacity of a unit cell could be extrap-
olated to the load-bearing capacity of larger lattice structures, by normalizing the recorded 
maximal load to the number of unit cells in a cross section. The results are given in Table 1. 
 
 Normalized max. load 
Unit cell 147N/unit cell 
Medium 141.5N/unit cell 
Large 123.3N/unit cell 
 
Table 1. Maximal load normalized to unit cells in cross section for different lattice sizes 
 
The results indicate that the normalized load carrying ability decreases with increasing lattice 
structure size. This can be expected to be a result of flaws and imperfections in the larger lat-
tices as well as different boundary conditions acting on the structure. 
 
3. Conclusions 
The results obtained in this work clearly indicate a significant difference in deformation be-
haviour of lattice structures compared to the deformation of a single unit cell. Therefore, it is 
critical to take the boundary conditions into account in order to predict the response of a large 
lattice structure. The normalized load carrying ability is seen to decrease with increasing lat-
tice size. It is assumed that this is caused by the presence of defects, imperfections and differ-
ent boundary conditions in the larger structures. 
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